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To: , r John Baude & R. J. Lofthouse
From: Faul D, lless
Sub jJect: Electrical Monitorinf and Control Subayatem

Development Plan Activity 200

Distribution: J. L. Platner, D. F. Ghere, R, E. Lochen,
J. R. Hurley., J. R. Ward, C, Martin, G. Joimaon
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ASSIGNMENT

The individuals to whom this memoranduvm §3 directed area assigned the
design effort reasponsibility of evolving the design specification
drawing (s), and/or functional diagramn of the sublect subaystem
(Activity 200 - 395), 1In eonjJunction with this and other critical
component areas continunus survejllance must be maintalned so that
recommenaabiﬁns can be made at the earllest praaihle daten, nhore

"

requente for OFK back- ups are aqqontlal

In ﬁdditlon, the tests planned or evolved, which will follow the
path from Event 200 through 405 on to 580, shall be performed and
reported on along with periodic mubsystem design reviews. A oon-
certed attempt should be made to meet all dates set forth in the

Part 1II PBRT Program Plan.
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FUNCTION
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The Electrical Monitorimr and Control Subaystem (EMCS) will consist
of all elertrical componenta such as connectors, reln&s, sensors,
electrical and merhanical devices required to start, atop, maintailn
regulation and to maintaln proper conditionm of the FCA. The EMCS
nila be a compact and seperate package from the FCA with elactrioal

cables connecting the FMCS and the FCA.

The EMCS will be capable of accomplishing the above functions
automatically and/or manually. Suitable inatrumentation readout

for the Inatruméntatlon Subrystem will be provided so that complete
manuxl operation of the FCA may be accompliahed. The instrumentation
readout will include reactant and cavity pressure, total voltage

and current, % KOH and temperature. The characteristics of the
readout equipment willl be intezrated with the Instrumentation
Subaystem. Suitable indicating devices will be emploved mo that

positiona of relays and valver of critical compopents can be datermined.

" STATUS

The first units will be built using a Imd Portable Cablinet
12 H x 1"»9 W x 18 D and a Bud alumlnum chasala for mounting the

hardware, Printa Un-H00-134-401, Electrical Control Assembly and

" 49-200-206-501, List of Material illustrates the layout and operator

capablllities. The Fuel Cell Protéction and Control Gystem single
line dlagram 49-300-221 and its associated outline are included for

an overall desoription of the system.
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The following items ara part nf the EMCS and the function and operation

of each 13 outlined,

1. Manter Control h

2. Auxilliary Maater Control It x
3. Water Removal Controller 20 Wx
4, Temperature Controller 20 Tx
5. Purge Controller 20 HOx
6. DC-DC Inverter

7. - Voltnge‘negnlator 99

8. TInstantaneous Qvercurrant NDeviee 7H

9, Undarvoltage devine 27 x

1. Master Control

The Master Control conaists of the mode switch, function nwitches,
.manual override switches and assonaiated rirculbry for sequential
nhutdown and interlock. The mode gwitch wlll be unedt seleect either
STANDBY, MANUAL or AUTOMATIC operation. The function awiteh will be
used to START, STOP or LOAD the ayatem., The enrcloned Maater Control
single line'dlagram 1llustrates the interconnection between the

"dwitching, controllers, valves and protection circults,

The FCA may be started by depreasing START if the FCA was shutdown

by the STOP awitch or the key operated interlock must be reset first
1 the FCA was shutdown by the protection device. Then mode selected
MANUAL/STANDBY/AUTOMATIC determines the operation of the controllers

and the poéition of the valves.

Auto:

Assuming AUTO mode was selected, the inlet reactant valves would be
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opened, the temperature controller would sense the need for heatlng
or coolant and automatically control temperature. Load would not
be applied until the LOAD switch wags depressed., The under-temperature
devine would prevent applying load until operating temperature had
been reached. Then depressing the LOAD switch would cauae the load
to be applied after a time delay during which the FCA would receive
an ln1£131 purge, Hy0 cavity controlilnr energiza and purge controlle
would energize. In the event of overcurrent (110 amps) or excessive
purging (mores than W consecutive non-scheduled purges) the load will
be removed. The load will be reapplied by depressing the LOAD switd
In the event one of the following conditions exist the protection
shutdown device will initiate a aequen;tal shutdown and trip the key
operated interlock.

1. Over-temperature

2. Under-temperature

3. Short circujt currant

4, Low voltage

5. Loas of fan powér
The sequential nhutdown will cruse the following conditions in order:

1. Remove load

2. De-energize Hy0 cavity controller & close valve

3. Close reactant valves

., De-energize temperature controller & close valve

5, De-enargize purge controller & close valve
Manual:

Assuming MANUAL mode was selected, the pdsition of the manual
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! override nwitches would determine whether the valves were controlled
automatically by the controllers, opened or closed. The load could
be applied without a time delay and purging if at operating
temperature, by depressing the LOAD switeh. The protection shutdown
and requential shutdown will operate the same am in AUITO. The

temperatnure wonld auntomatically be mrintained.

Standby:

v Assuming STANDBY mode was selected, the inlet reactapt valves would
be opened, temperature maintained, 10 cavity controller de-energlzed
and valve closed and the load removed. Whepn atarting the PCA from

a shutdown condition, the temperatura cantroller would sense the

need for heating or conlant and automatically maintain temperature,

The protection devicea would be In effect.

The START & STOP functlons will utilize one latching relay for both

functiona. One positlion of the relay will represent start and the

;I

“other stop. The latching relay contacts will then control the valves
and controllers dependent upon the mode of operatinn. The latching

relay operation is shown in the following diagram
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K2 represents the relay contacts ansoclated with the protection
shutdown device. Ko cannot be reset except by using the key
operated interlock. Therefore, K, forces the syatem to STOP

and preventa STARTING again until the key interlock is reset,

The LOAD function will utilize a latching relay to control the
valves and controllers dependent upon mode of operation, The
]

LOAD latehing relay operation ia shown in the following Afagram,
Teme
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The LOAD latching relay cannot be turned on unless the mode switoh
is in MANUAL or AUTO, FCA 18 up %o temperature, the START/STOP
relay (K) 18 in START position, Then depreasing LOAD turna the

relay on,

2, Anxilllary Master Control

The Auxilliary Master Control will be a subassembiy whlch will
contain all the latching relays and electro-mechanical devices. It
will be controlled by tha Master Control and will transmit

the information to the valves and controllers

3. Water Removal Controller

This unit wilil maintain the PCA at a preset KOH concentration
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v {ndapendant of temperature Aand load. Thae controllaer hlook
dinagrnm follows
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The unit utilizes the temperature characteristics of the translstor
for temperature senaing and a potentliometer type transducer for the
pressure senmor, Thease algnals are fed into a microminiature
differential amplifier and the output 13 a function of presgure and
temperature. Tha voltage into the variable duty ryerje device da-
terminea the duty cyecle of the valve.
E 4, Temperature Controller
This unit will majintain the FCA At operating temperature, Jt will
be capable of determining a need for heating or cqoling and maintaining
either condition. Thae controller block diayram follown,
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The tempcratuve controller recelves a sustalr~d signal from a '
e 0oy .

thormiakar reented In a guibtair)e plaee within the FOA,
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44 v %ranslent aignal 18 also recelved from the shunt of the FPCA whioh

senses the mapgnitude of the total output current. The combined

signalas control a differential amplifier, and a bi-stable multivibrator ,
[ .
whgch has a clock frequency of 1 minute and a variable duty cyecle

extending into the regions of fully "on" to fully "off".

The current slgnal As taken from the PCA shunt, and before peaching
the input terminals to the differential amplifier, 1a conditioned

by a derivative network consisting of a capacitor and adjustgble
reslistor. The time conntant of the RC derivative network 1a made
variable by means of the resistor and permits the selection of a
temporary override of the output of the temperature sensing thermigtor
in accordance with the overall PCA thermal time constant., A

maximum time conatant of 5 to 6 minutes haa been provided.

Inciplent demand supervislon over the slow acting thermistor 1is
provided by the duo-directional characteristics of the derivative
network, and a zero center microammeter permits observation of the

proper function of the circut,

The temperature controllers tharmiator will be used to control the

©
.

preheating cycle of tha_FCA ayatem by providing a Feperate out -
put switching circult for the haaters.

5.. Purge Controller

The purge controller will be capable of performing scheduled and

\ J Wt FX}) v ' } T -




non-acheduled purging. The scheduled purging will be on an amper=a
hour banis And the non-schaednled purge will be a function of rate
of voltage decay. The ampere hour element of the unit consists

of a gonventional unijunction stalrcase wave generator with
modifications. A straight 1line relationship between millivolt
input from main current shunt and pulee frequency 18 abtained over
the range of 1 amp to 120 amps, Additional countdawn oiyoulgry
featuren a microminiature derada anunter driving g set of ptatic

purge valve program controls,

6. DC-DC Inverter

The DC-DC inverter will be used to isolate the power for the controllers
from the FCA power. This 18 required because a shunt 1s being

used to monitor current. The inverter will he a c¢conventional DC-DC

inverter

7. Voltage Regulator
The output of the DC-DC inverter will be connected to the Voltage
Regulator, Proper operation of the controllers requires a regulated

supply vniﬁ;EGL. A conventional voltage regulator aircutt will be

uaed,

8. TInstantaneous Overcurrent Device

This unit has not been developed but the desikn goals nave been
et vThe untt wifi he capinle of denain,g or'nrload current using
the shunt and removing the 1oad instantaneously for a short

circuit and {n approximately 20 seconds gor 110 amps. The attached

graph is the proposed current versus trip time characteristios.
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9. Undervoltage Device

This unlt has not been develnped but will cause the load to be

removed and shutdown the FCA when the voltages 1a helow A pre-

datermined l1imit,

Instrumentation Readout:

The following readouts are the itema of the Instrumentation Subsystem

which will be monitored on the front panel, All other IS readouts

will be available on the EMCS through a rear mounted connector.

A dial will be provided to selert KOH coneentration,

1.

AN oE W N

Total Voltage

Total Curraent

Prepsures O, Hy & H,0 Cavity

Temperature

Deviation of % KOH-will utilize Water Removal Controller

Cool/Heat requirsments - will utilize temparature controller

Manual Override:

The following functions will be capable of being manually ocontrolled

in the Maﬁﬁal moda of operation.

1.

A ]

2.
3.
b,
5.
6

Water Removal Cavity Valve
Reactant (Op & Hy) Valves
Primary Coolant Valves
Purge (ilp & 0p)

Purge Controller

Auxilliary Power

Open-Close-Auto
Open-Cloge-Auto
Open-Close-~-Auto
Manual - Auto
On - Off

on - off



Indicating Dnvicas:

The following indicating devicen will show the state or condition of

the device

10,
11.
12,
13.

02 Inlet Valve

Hy Inlet Vaive

Op Purge

Ho Furge

Water Removal Cavity Valve
Primary Coolant Valve
Over Temperature
Under Temperature
Ovar Current

Under voltage
Auxilliary Power

Mode of Operation

l.oad Contactor

Development Area:

Open/Closed
Open/Cloned
Opren
Open
Open/Closed

Open/Closed

MAN-STBY-AUTO

Open/Closed

The development areas of the EMC3 is to upgrade the laboratory

breadboard models of the rontrollers for more reliable operation,

The following Aare {tema that have not been developed.

1.

¢ The Inverter

DC-DPC Inverter
Voltage Regulator

Auxilliary Maater Control

Ingstantaneous Overcurrent Device

Undervoltage Devioce
Master Control

and the Regulator

-10~

will be conventional devices but



will require desaign and laboratory development. The Auxilliary
Maater Control will be a mechanical subasgsembly and will be developed
in conjunction with the Master Control. The Instantaneous Over-
current device and Undervoltage device will require design and
laboratory development to ver@fy design goals. The Masteyp Control
has been partially designed in the Electrical Control Assembly
hg-100-134-101 which outlines the front panel layout, The of rouitry

and associated electronics has yet to be developed.

4, Test Plan
Test Authorization Specifications will be written on components,
sub-assemblies and the entire sub-system am the design progresses and

fm further developed,

//3/69/7{¢-LAL///

' Attachments: . P. D. Hess, Manager
Appendix A Enginsering Section
49-200-206-501
49-300-221
49-300-225

49-L00-134-401
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APFPENDIX A

Outline of Eleectrical Protectinn and Control ayatam as Covered

by Single Line Diagrams Sketch 19-300.22)

A Selector Switch 'A9' {a turned to "Stand by" position which permits
energlization of all aux. electrically controlled devices such as -
Heater and Heater Switceh 37, reantant controls, etc,. to be

energlzed by operation of 3tartin PB, 'l' provided the keyed lock-
out device '86' has been manually placed into the "on" position,.
Manually operated Switeh '8' connects the Aux, Control Bus to the
start up Aux.Bum which 18 powered by a source other than the

FCA. Switch Rx connecta a 00 cycle 3 @ inverter to the blower
mot&ra M1 and My and Switch 8y connecta f small DC to DC insulation
inverter, and voltage regulator 90 to the 3 Wire Control Logic Bus
which has ito neutral wire direntiy connected to the positive termina
of the 100 MV 100A shunt of the FCA Systemn. Proper surge control

18 obtained by referencing Rll wire shields to this Bua,. After all
start up fequiremants have bern met, the Selactor Switch (9 1a turned
to "Manuéfw?w In thia ponition, the Load Switch "/2" may be closed

by operating devices "72x". Each individual subeontroller, such ana
the Water Removal Control 20 ¥Wx, Temperature Conirol 20 Tx, Purge
Control 20 HOx, ets,., muat be manually controlied and operated by

"

operation of respective switches devices "lx After proper FCA
operation has been checked, the Selector Switch 69 is turned to "autd'
which connects all electromechanical devices essential for proper FCA

oparation and proteotion to the Master Control Unit 4, Aux, Master

"




Control lix and individual FCA performance controlilers 20 Wx,

20 Tx, and 20 }iOx.

Provision 18 mada for manual override of automatic functions
performed by controllern on Aan individually aelected basls.

3 Délnt Selective feature of any one of devices "1x" 1s maintained in
the "Manual' Selector Switch 9 position., This arrangement permitse
maximum flexibility 1in ﬁhe_operation of the FCA for purpoges of

test and parrormancetwalnabton; Controls and devijoce 761, laow

voltage devicea 27 and ?7x, temperature control 20 Tx, etc., are
malntained functionally independant of mannally operateq controls for

reasong of safety.

The key locked, electrically t}ipped, manually reset lockout

device 86 13 provided to permit re-energization of the FCA after

a forced shutdown. Only an anthorized person, namely the one who has
the key to the lockout swltch can take the FCA in operation. All
control subassemblies will have bilnary tyvpe readout provieion in the
form of extggmggptacts of the latch type relays contained in the

Aﬁx. Master Control Ux. Presnure transducera.nudh as device 20 WP
or other analog type sensing devices will be fitted with readout
terminals to be connected to readont equipment presently not oéverad

f by fonﬁraot.
W |
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